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The nitrous oxide technique for measurement of cerebral blood flow 
yields average values of flow for the brain as a whole, but no information 
about the local blood flow in the many components of that organ. Counts of 
capillary density provide information related to the vascular needs in these 
localized regions of the brain, but speculation based upon capillary density 
data may be more closely related to blood volume than blood flow and need 
not reflect the changes in local circulation associated with functional activity, 
the action of drugs or other physiological and pathological variables. Ther- 
moelectric techniques which have been used for this purpose have not given 
quantitative results and are associated with tissue injury at the site of 
measurement. 

The principles of inert g a s  exchange in tissues have been employed in 
the development of a method for the measurement of the local blood flnw 
in .rizfo in specific structures and without tissue damage (Fed. Proc. 14, 85, 
1955). The tissue concentrations of a biologically inert gas abruptly intro- 
duced into the arterial blood depend upon the gas solubility in tissue and 
blood, the history of the gas concentration in the arterial blood, and the 
tissue circulation. Since all but the last of these can be determined experi- 
mentally, the local blood flow can be calculated. The variable arterial con- 
centration of a radioactive gas ( CF3IlS1) is monitored by means of a scintil- 
lation counter while the gas, dissolved in Tyrode’s solution, is injected 
intravenously. The concentrations of the gas achieved in the various regions 
of the brain at exactly one minute after the start of the injection are meas- 
ured densitometrically from radioautographs of frozen brain slices, and rate 
of blood flow per gram of tissue is calculated for specific structures. 

The normal values for the local cerebral blood flow in the cat were 
obtained from a series of experiments performed on ten conscious but 
restrained cats which were rendered reasonably cooperative by petting. In 
addition, a similar series of eleven cats under thiopental anesthesia were 
studied. Both groups were prepared under vinethene anesthesia. After in- 
filtration of the operative sites with procaine to prevent discomfort, the con- 
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xious cats were restrained by moulded sand bags converted into fairly rigid 
casts by evacuation of air. An hour was allowed for the vinethene to  be 
completely eliminated before the measurements were begun in both groups. 
In the anesthetized group, a switch to intravenous thiopental anesthesia was 
made as soon as feasible, and the depth maintained at the time of measure- 
ment was that associated with a feehle corneal reflex. 

The blood flow of 28 structurrs in the central nervous system were 
studied in both the conscious and the anesthetized series of cats. Representa- 
tive means values from the series of conscious cats are listed in the order of 
decreasing flow in Table I. 

TABLE I 

Mean 
Inferior Collicu I i is 1 8 0  
Sensory-Motor Cortex 1 38 

Visual Cortex 1 2 5  
Medial Geniculate 1 22  
Lateral Geniculate 1 21 
Superior Collic~ilus I 1 5  

Auditory Cortex I 3n 

.TU. 
Error 
f n  t i  
f n  12 
fO OS 
f O  06 
fO 04 
f n  08 
+XI n i  

Mean 
Caudate 1 i n  

Cerebellar Yuclei n 237 

Thalamus 1 03 
Issociation Cortex 0 88 

Cerebellar LVhite hlatter 0 24 
Cerebral 'White Matter 0 23  
Spinal Cord LVhite kiatter 0 14 

Std. 
Error 
f0.08 
f0. 05 
f 0  04 
f0 07 
jro 01 
&0. 02 
fO 02 

I t  is apparent from the data in Talilc I that considerably lower values of 
blood flow were o1)srrw-d in the white matter of the brain and spinal cord 
than in the gray matter. For examplc. the highest value obtained in white 
matter was 0.27 cc/gni/niin in the optic tract while the lowest rate of flow in 
gray matter was 0.63 cc/gm/niin in the spitial cord. It i s  of interest that the 
values observed in the primary sensory and motor areas of the cerebral cor- 
tex greatly exceeded those of other cortical areas with less well-defined 
function and were surpassed only by that of the inferior colliculus. 

I n  12 of the 28 structures considered, thiopental significantly reduced the 

Inferior Colliculus . . . . . . .  22 Thalamus . . . . . .  . 3 1  
Sensory-hlotor Cortex . . . . .  53 Association Cortex . . . . . . .  24 
\tid;?r>ry Curtex . . . . . . . .  45 Pontine Gray Matter . . . . . .  31 
L'isuai ('ortex . . . . . . . . .  38 Hypothalamus . . . . . . . . .  35 
Medial ( iniculate . . . . . . .  ,34 Cerebellar Nuclei . . . . . . . .  29 
Lateral Geniculate . . . . . . .  35 Basal Ganglia & Amygdala . . .  23 
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local blood flow. I n  no case was blood flow increased by thiopental anes- 
thesia. Those structures showing a statistically significant ( p  <0.05) reduc- 
tion in local blood flow by thiopental are listed in Table 11. The remaining 
16 structures studied but not listed in Table I1 revealed no  significant 
changes with thiopental anesthesia. 

Those areas primarily associated with sensory and motor function are 
most markedly affected by thiopental. It is unlikely that the marked effect in 
these areas is related to  their initial high rates of flew in view of the rela- 
tively small reduction observed in the even more rapidly perfused inferior 
colliculus. Furthermore, whereas local blood flow varied significantly among 
the various cortical areas in the conscious cat, theiopental anesthesia reduced 
them all to a relatively uniform level. If the local blood flow of the brain is 
regulated by the local metabolic rate, then it appears that the most promi- 
nent effect of thiopental anesthesia is a reduction in  the rat? of metnholism 
and possibly in neuronal activity of the primary cortical areas. 

H. H. JASPER: W e  are all very much impressed with the tmutiful ,  well-controlled 
study that makes it possible to get in quantitative terms the ratr of hlood flow in these 
various nuclear structures of the brain. I think this is a magiiificent achievement from 
the technical point of view. I remember when we used to try to do it u i th  thermo- 
couples. W e  were impressed with the sensitivity of the local areas of the brain i n  
relation to their function, so that the blood flow reflected the activity in  tlic. occipital 
lobe with stimulation by light or epileptiform disturbances, of course, increasing this 
effect very markedly ; but, of course, these measurements were not quantitative. How- 
ever, some of them were made by Dr. Penfield on man and I think the authors would 
hesitate to  apply their technic to  the human subject. That is one limitation 

I am a little puzzled by some of the results. When I first heard thi5 \vork. we 
were interested to know why the geniculate and inferior collicular sy5tems seenirtl to 
have such good blood flow. I wondered if they did not have a noisy laboratory. I 
would like to  have them comment on that. Maybe these Griger counter5 produce a 
little stimulation of the auditory system, give an increased h l t d  flow in i t  

There is one difficulty, that of interpretation. It seems t o  me that the changes with 
function would occur most clearly when the reserve was small, in areas where there 
is little reserve. I am very much surprised that you do not find greater changes in the 
brainstem and in the hypothalamus, areas which we would think would be very sensi- 
tive to  changes in blood flow, some of which are  supposed to have something to do  
with regulating it, as far as  I understand. This  is puzzling. Is it because the reserve 
here in relation to  function is so great as a protective condition in the brain that under 
the conditions of your experiment, anesthesia does not seem to make any difference? 

I would think hypothalamic areas, however, in relation to  function would he more 
sensitive. Certainly the electrographic pictures of changes in discharge of cells in the 
brainstem as a function of levels of anesthesia would suggest that yoti would get great 
differences, because the brainstem is extraordinarily sensitive to ancstlietics. 

W e  have a remarkably interesting tool which is like all new technics; it has given 
us a wealth of information, much of which is hard to  interpret a t  fir5t. 
KNOX FINLEY: My own work on the anatomy of circulation within the central 

nervous system has been limited to injection techniques, by use of a combination of 
gelatin and india ink injection material. The  technique was used in the monkey and cat, 
it being necessary to kill the animal by injection technique in order t o  obtain a perfect 
injection of the capillary bed of the entire nervous system, including the spinal cord. 
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Clearly this technique is anatomical and does not apply itself well to  physiological 
variations. I t  is a technique tlrat can be applied to certain pathological conditions. In 
poliomyelitis, for example, it could be (lemonstrated that the capillarier dilate in the 
inf lamd areas. The  iiiclia ink particles actually rli;ipedcze out into t h ~  surrouiiding 
parenchyma. This  technique offered an accurate method of determining capillary density 
in all regions of the central i ic rvoub hystrrn. These results a re  of interest in  relation to 
the findings of the authors tiid:iy I t  has Ixrn sliowr! that the fourth layer of calcarine 
cortex has the richest bed o f  capillaries bvithin tile cerehral cortex. 

I can confirm the authors’ fintiiiigs tliroiigh their own studies that the lateral geni- 
culate body of the inferior and  supcrior coiliculi have a rich capillary suliply. 

The authors found tli;it tht, h ~ ~ j ~ t ~ t l i ; i l ; ~ r n ~ ~ ~  as ;I \vliole \ \ as  not as richly supplied as  
several other areas uf the central nervous ~ys t rn i .  Hinvever, tlierr are  two important 
sniall regions in tlir Iiyputhal;iniu~. tlie stipr:toptic .md prrivrntricul:ir nuclei, which 
have the richest capillary h t i <  c 1 f  t i i r  eiiti1.c : tvrvous >)-stein, the supraoptic ~~ucleus 
;ilmost dctulile x i y  other region. oi c iiir,t., thc  i i i i i i(~rt; i~~t ;itlv.irice i n  t l i r  use of this 
tecliii~qur of i is i r iK r:tdii)acri\e iiic 1-1 g ; i ,  i \  11, ctp~ilicali i l i ty t ( i  functioti ; f o r  herr we have 
a nie t t id  t1i:it \ \ i l l  SO 1 ) ( > ~ 1 1 i i 1 l  ;lir .iti:itoniicai ,t!)!j!  11 to .ti:rly functional variation of 
capill‘iry .iill1liy i n  riiffrrviit I:art ,  i l f  ‘118, h ~ ~ i ~ i .  

!c;iI u i t l i  I>r;iiii ~nctaholisni 
\\ ilicli im\,c,, it i h l \ \ i l i I t ,  t o  ciin11!nrt’ 

the 1)Ii)od !lo\\ rate i i i  ilitferr,rit ;):,it\ t l i c  1,r I ltz\\e\c,r, I \\;itit tlJ make a remark 
a s  to the effcct (if :inehtlictic tinip\. \!.e i ( i t i i l , i  t\!;ct ,iitTcreiit liarbitiii <i tc<  ( niid other 
aiirsthetic ilruK5) Ii;ivc \ c r y  tiiiicrr~t~t t , f j t w \  ( 5 : ;  1 ei t 0r;il I I I ~ H N I  !lo\\.  S0111~~ <irri-e:~\r  and 
some iiicre;iw tlie cczre1)r;il v;twii l , ir  r r - i - i . m c c  

I want to  ahk i f  tlie e i a y i s t  c~tii<idert,d t i i c  ef7wt o f  ditlrrent , i i i ( ~ ~ t I i ~ ~ t i c ~  on the 
tlistribution of tlie hlwid flow. 

M’. \ f .  I .ACIIA1, : 111 regard to clinic:ii a ~ ~ ~ ~ l i c ; i t i i ~ i i ~ ,  x e  \r.ould certainly agree that 
rveii  in schizopiirrnie~ n e  i iout i t  if  ilie n i c t l i 1 ~ 1  i \ ~ ~ r i i d  tver  apyily It iiiiglit rrawriably 
apply to  i i r : i r i ~ - ~ i ~ r ~ i c ; ~ l  procedur-rs \\ Iirrc. t l ie  surgtwii could quickly sei* ‘11  out a por- 
tion o f  hraiii tissue i i i ~ t ; ~ ~ i t a n r o u ~ I ~ ,  ;I> \ re  \\ere able tu decnpit;ite the aiiinials. The  
gas could he adriiiriistered clinically ititraveiioii~ly o r  by iiihalatiiiri 

I)r. Jasper h i t  O I I  a troulile that u ~ i r r i e ~ l  i i \ .  lwcause our icintillatiirri counter appa- 
r:itus d i d  i n d e d  ni;ike a Ii~ur! c1icki:ig i i r i i  in:I  p;irticularly iluriiig the critical portion 
o f  the csy)eriiriL,iits. \\‘c did -cvei-,tI \er:c\ o f  euiierirnent. to  try tu  control this. None 
o f  tlieni \\:I\ Iargc tXrit)uyh to prcsciit >t,iti,tir;i: rciults. \\‘c did a sYrit.5 of ahout six 
cats in n l i i c h  t i i f .  auilitcii-y iyitvrii  \\;I, ,lc.trilyetl ~)erijilierally ;I r i i i i t i t l i  bcfore the 
r i iwrinicmt>,  ;uid i n  1 1 1  i ~ f  t l i e ~ ~  tlir itifcriiir cctlliculi still s t ( d  ou t  Itkc hullets in the 
racli,i-;tiitl,gral1114 \\‘v < l i d  a ser:,’, t : i  \\ii:l 11 li:ir;itTiii was iilacc(l i i i  tlic rutcrnal ear 
I ) t . f o r e  the rxpt>‘rinicnt \\a\ Izgiiti a t i d  n t  ; i ! \ 1 1  c o \ c r t d  tlit- eyes of niat iy  of thr  anesthe- 
ti. ,( (I cat.;, i r i  order IIJ c i i t  r l o ~ r r !  o t i  .ciiv>r\’ i t i p i i t  :<evertticless. thrrca \ < ; t i  ;rl\r:iys some 
t’\ !a!crice of iiigh cirruhrioii in ;\itc!if,(,t y vi\-,i,Al 5triicturt.s. I\’c l i ~ v r  lint \iiflicietit evi- 
(Iei icr I ~ J  t l r  sure that bucli ilroccxlu: P. n i . i v  i i18t n i t  t Io \ \ i i  the  auilitory-viiu;tl ci~-culatiun 
50iiic.t Iiat, hut they certaiirly iiv iiot Iiriiig i t  i l , lwn  to  that of : i c i ~ I i \ ~ ~ r i i i g  ti.itie 

1 tliink probably the 1111y11tge11et1c n g ~  ; t i i d  liliysiologically critical tiaturc of the 
l ~ a i n ~ t c i i i  structures may arcourit filr thc.ii- rr l . i t i \ r  iriterisitivity t o  the iiiwlt of anrs- 
tIic.+i,i. :\iii)tlier possibility is th,ct t!iis l)rai:iitcni sul)starice c w i t n ~ . ~ s  R large proportion 
of cuntlucing axonal issue. I t  may ntit coiitniii tlie cellular voluine that other gray 
tissue5 do. 

Of course. \ve recognize that t l~ i s  is 1 rather secondhand way of determining pliysio- 
logical activity; it is rather like tryiiig to meazure \\hat a factory does by measuring 
the intake vf water and the output of sw;iyr. ‘l’lii\ is a problem i r i  plrinibiiig and only 
secondary inferences can he niade rcgarding furiction. \\.e would not siiggest that this 

.-I ( ; f i  i l . 1  it : I t  i3  uniicct 



is a substitute for electrical recording in terms of easy evaluation of what is going on. 
In  answer to Dr. Geiger, we have not studied different anesthetics, i f  I understood 

his question correctly. The  blood pressure at  the time of the experinirrit was similar in 
range in both the anesthetized and unanesthetized series. 


